[Abstract] An important component of this methodology is to assess the role of the tumor microenvironment on tumor growth and survival. To tackle this problem, we have adapted the original approach of Warburg (Warburg, 1923) , by combining thin tissue slices with Stable Isotope Resolved Metabolomics (SIRM) to determine detailed metabolic activity of human tissues. SIRM enables the tracing of metabolic transformations of source molecules such as glucose or glutamine over defined time periods, and is a requirement for detailed pathway tracing and flux analysis. In our approach, we maintain freshly resected tissue slices (both cancerous and non-cancerous from the same organ of the same subject) in cell culture media, and treat with appropriate stable isotope-enriched nutrients, e.g. An overview of the whole process is given in Scheme 1.
http://www.bio-protocol.org/e1730 1. Blood samples provide overall information about the metabolic status of the individual subjects, and the buffy coat can be used for extracting DNA or RNA for sequence analysis.
2. A 10 ml sample of blood should be drawn preoperatively into a purple top vacutainer (K 2 -EDTA) preoperatively. Other anticoagulants such as citrate or heparin should not be used as they interfere with metabolic assays. A blood sample should also be drawn perioperatively after resection. The blood is inverted twice to ensure dissolution of the EDTA, and kept on ice immediately after blood draw. The blood should be separated into packed red cells, buffy coat and plasma within 30 min by centrifuging at 3,500 x g for 15 min at 4 °C in a swing out rotor.
Subsequent operations should be carried out in a BSL2 + biosafety cabinet.
Note: We use the following color codes for storage: Red = whole blood, yellow = plasma, green = buffy coat, blue = urine.
3. Plasma is aspirated into prechilled sterile 2 ml screw cap vials at 1 ml aliquots and flash http://www.bio-protocol.org/e1730 3. Using a transfer pipet, aspirate and transfer the conditioned media into 15-ml conical centrifuge tubes.
4. Centrifuge media for 15 min at 3,500 to 4,690 x g, 4 °C to remove any particulates and debris.
5. Pipet 100 μl T 24 media supernatant into 1.5-ml snap-cap tubes for metabolite extraction.
6. Pipet 1 ml media aliquot into 2-ml screw-cap tubes for long-term storage at -80 °C.
7. The remaining medium is stored separately in a 7 ml vial at -80 °C for purposes such as exosome isolation.
8. Invert and tap the flask to move the tissue slices into the cap or neck region of the flask for retrieval. Keep flask inverted on ice.
9. Wash tissue slices 3x consecutively in ice-cold 10 ml cold PBS each in a 50 ml beaker.
10. Blot dry the tissue slices on Kimwipe and photograph the flattened slice on a small weigh boat.
11. Weigh the whole tissue slice on small weigh boats and record the weight.
12. Split a very small piece for preservation in 1 ml buffered formalin in a 1.5 ml snap-cap tube for histology. The remaining tissue slice is split evenly and each piece should weigh no more than 20-30 mg by wet weight to facilitate tissue homogenization and extraction efficiency. Immediately after weighing, each piece is flash-frozen in liq. N 2 and placed in a pre-liq. N 2 chilled 1.5-ml snap-cap tube for long-term storage at -80 °C.
13. After 6-8 h in formalin, replace the formalin with 70% ethanol for the tissue pieces prepared for histology.
14. Homogenize tissues in cold 60% acetonitrile (v/v) and extract tissue homogenates for metabolite analyses according to standardized protocols (Fan, 2012; Fan, 2010 ) before analyses using stable isotope-resolving analytical techniques (e.g. NMR and MS) (Fan, 2012) ( Figure 1C ) (Lane et al., 2008) .
15. This Protocol describes the procedure for stable isotope labeling of thin tissue slices.
SIRM analysis involves the quantification of isotopomers (by NMR) and isotopologues
http://www.bio-protocol.org/e1730 Tissue proximal to the tumor as well as distal from the tumor should be sampled for comparison.
Recipes

DMEM and RPMI Medium 1640
For SIRM studies, the glutamine or glucose free version of the medium should be used, with supplementation of the appropriate concentration of 13 C-enriched precursors in the base medium.
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